ON EDWIN H. LAND'S RETINEX THEORY
I would like to make the following comments on E. M. Reiback's review of Exploring Light by A. E. Efron (Leonardo 4,297 (1971) ) and A. Karp's letter to the editor(Leonard0 5, 19 1 ( 1 972) ).Unfortunately, this is not the first time that pairs of commentators have placed themselves at odds concerning my work. What usually happens is that someone studies the red and white experiments and describes the work with the excitement he feels. This then triggers a response from a second commentator that is as skeptical as the first was exuberant. It is my experience that if both of them sat in the same room and looked at the same experiments, they would probably agree with each other on the colors they saw. Their drastic disagreements revolve about the understanding of each other's terminology.
Reiback says, 'Edwin Land has shown clearly that two colors are all that are necessary and sufficient to enable the eye to see a complete multihued image. . ..' There are two possible interpretations of this statement. It could mean that all possible color phenomena can be reproduced by mixtures of two colors, that color vision is limited to two degrees of freedom. Presumably, Karp is objecting to this interpretation, for normal color vision is clearly trivariant. However, at no time, in either my early or recent papers, did I propose such a theorv. If Reiback's statement is taken to mean that a most elaborate multicolor scene can be produced by mixtures of two colors, then he is certainly correct. When one takes two-color separation photographs of a real life scene and project them with red and white light, the gamut of colors increases from the usual red, pink, white and cyan, gray and black, to include orange, yellow, gold, brown, green, blue and purple [ l ] . However, if one asks: Can the combinations of red and white light produce all possible color sensations, every shade of yellow, green, cyan, blue and purple, the answer is obviously no. This is the point that Karp raises when he refers to three degrees of freedom. Nevertheless, I have to agree with Reiback that the exciting observation is the following: In a single spot, mixtures of red and white light look white, pink and red, whereas in complex images, mixtures of red and white light can produce any color name.
The second point of disagreement was about the validity of the Young-Helmholtz theory. Reiback is referring to the theory as Helmholtz described it, while Karp is retreating to Young's earlier and simpler statement.
Young proposed that, while light was a continuum of different wavelengths, there were only three types of receptors in the retina. Later that century, H. von Helmholtz revived Young's idea and embellished it with equations similar to those used in colorimetry today.
If one asserts only that there are three kinds of receptors, as Young did, there is little or no experimental evidence against that single property of the Young-Helmholtz theory. If one asserts, as Young and Helmholtz did, that these three receptors work as a simple triplet at a point in the retina, there are a number of experiments that contradict this concept [2] . If one asserts, as Helmholtz did, that the color sensation depends on the relative amounts of red, green and blue light at a point, then a particular red, green, blue ratio must correspond to a particular sensation. There are innumerable experiments from Chevreul in 1837 to the present that show that the relative amounts of red, green and blue light do not uniquely determine color sensations. The proper significance of the red and white experiments, combined with my later three-color experiments is that they show that it is absurd to rely on second order correction factors, as Helmholtz did to explain lack of correspondence between color sensations and the ratio of red to green to blue.
Prior to retinex theory, I had no comprehensive hypothesis to explain the long series of experiments that I described in 1959 [ I ] . Our transitional thoughts between these experiments and retinex theory were published in 1962 [3] . The evolution of retinex theory continues in 'The Retinex' and 'Lightness and Retinex Theory' [4] . Some students may wish to learn this history from the whole series of papers. I know of no short cuts. While Land has never proposed that all color phenomena can be reproduced by 'mixtures of two colors', I am continually encountering people who feel that he did (perhaps because they paid more attention to popular journalists than to the original author) and my considered interpretation of Reiback's review is that he has been in this group. Amazingly, there is a large sub-group whose members actually believe that the color film produced by the Polaroid Corporation is based on a twocomponent process. Since Land has raised the issue on these pages, it should be noted that the response to his early work by myself and my colleagues has never been 'skeptical'. While not, perhaps, 'exuberant', it is best termed 'seeking for perspective'. 'Excitement' and 'agreement with one another on the colors seen' do not preclude dbja uu. I refer not so much to a museum-full of two-color cinematographic specimens but to subdivisions of color space. The 'gamut' of colors perceived in the red and tungstenlamp-white demonstration is confined to specific regions of color space: the red-white-cyan-black vertical plane mentioned (which could be the 7.5 R and 7.5 BG pages in the Munsell catalog) plus the impressive, but limited, extensions towards blue in locally dark picture areas and toward yellow in locally light areas. This serves to remind one that what has characterized the taking of photographs for the demonstration is not so much the two separations used (long-wave and middle-wave) but the short-wave separation that has been omitted. This situation-short-wave defect, the traditional name for which is tritanopia-is of great familiarity to normal humans. It is the condition of vision at sunset and sunrise, with artificial illuminants of the flame or incandescent type, or involving the central fovea. It should not, then, be surprising that the visual tract includes an effect that compensates for the defect when the viewing situation psychologically warrants it. (That is, when the image is free of cognitive dissonances such as mis-registered outlines or inverted or mis-registered highlights.) It is thus no surprise that the 'exciting' results of, as well as the recipe for, the above-mentioned two-component demonstration are consistent with the tritanopic condition. After all, any 'color name' can be perceived by the light of a bunch of candles.
With regard to 'drastic disagreements . . . about the understanding of . . . terminology', experience shows that these do not occur when all parties use a pre-existing terminology.
In any case, the above discussion of two-channel projection phenomena-which I cannot consider without reference to tritanopia-is, to me a matter apart from Dr. Land's 1964 and 1971 papers, which apply to a three-channel system. The conclusions there are clearly unique and incontestable. The treatment concerning the 'white reference', for example, has resolved a long-standing issue. There is certainly much that a student may read but, if his goal is to learn with the greatest efficiency the message of the 'retinex theory' and how to apply it, rather than the history of Land's 'voyage', it is my personal feeling that the papers should be read in inverse chronological order.
Arthur Karp Stanford Research Institute Menlo Park, Ca. 94025 U.S.A.
OPTICS, PAINTING AND PHOTOGRAPHY
M. H. Pirenne argues that representation in pictures relies on the projective properties of terrestrial light. His recent letter (Leonardo 5,95 (1972) ) emphasizes the special contribution he makes in his book 'Optics, Painting and Photography' (Books, Leonardo 4, 397 (1971) ). He thinks the pattern on the flat surface of a representational painting allows both shape perception and esthetic effects, even if the observer is more keenly aware simply of the world represented by the picture.
Pirenne and I share a great deal but we have important disagreements, as he noted in his letter. Our loggerheads are the very issues that force the study of form perception into the hands of the Gestaltists and men like America's J. J. Gibson and Austria's Ivo Kohler. We agree pictures depict scenes by providing light that matches the scenes in informative respects. Our debate centres on the nature of informative aspects of light.
The Gestaltists noted that many aspects of form perception-like figure-ground-could not be predicted from Euclidean form. Since the Gestaltists. psychologists have begun to wonder how form perception is connected to motion and what happens when form is distorted. The strands of thought on motion and distortion combine in opposition to any attempt to predict form perception from evidence based on the static simple geometrical forms used by Pirenne and others to investigate perception.
Pirenne concedes static form available to one eye is endlessly ambiguous. If perception is not full of ambiguities, it is because there are laws transcending simple static forms-laws to be found perhaps in very complex forms like caricatures or in the motions of forms.
Pirenne regards static geometry as the first stepping-stone in understanding perception of pictures. I think distortion and motion cannot be ignored before that first step is secure. Let me show where by example and rule.
First, an example: T. A. Ryan and C. Schwartz (American J. of Psychology 69, 60 (1956)) showed subjects, photographs and caricatures of various objects. Strangely enough, the caricatures were faster at giving information to the subjects. Why do I say this is strange ? Because the caricatures were faster even though they were quite unfaithful to the proportions of the original-some parts of the original were exaggerated in the caricature, some parts were minimized or even omitted altogether. The lesson of caricature is that departure from projective fidelity need not impede perception. The problem of caricature is explaining how perception
